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Zverev, 
‘in Corundun 


te Fgsonance of cr°t 
Struktura spektra puranagnitpso . 


Spectrum of Paromagne ti 
(Tonkaye is erkhtonkeys | 
rezonansa Cr + y korunds) 7 
Zhurmal Bksperimental'noy i wooratiaheskoy Fiziki, 1998, . 
Vol. 34; We 29 po. 219 O14 (USSR) he 


ng with the same subject are mentioned. 
The authors investigated in detail this spectrum at'a fre- 
quency of 37860 negacycles. The.behavior of the energy levels 
with an external magnetic field being present is described 

by an Yamiltonian nentioned here. The inicrostructure was in~ 
vestigated of a corundum monocrystal: which contained, chrotiium 
in 1000-fold dilution. he position of the lines was measured 
for two orientations of the crygtal in the external magnetic 
field: 1) @he trigonal axis Zi it; 2) the trigonal axis - 
Zit. In the first nentioned case three absorption lines were 
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noticed which correspond to the transitions between tie levels 
with the following values for Mt 1) -3/2 <> 1/29 2) -1/2 «> 
> 41/23 3) +1/2 <P +3/2. In the nergy states 

Ex Eos €,, €, forma mixture of states of various M,. Al- 
togethér 6 abso tion lines were ovserved. of which the first 
three have an intensity which is smaller by two orders of 
negnitude than the last three. From ‘the position of ‘these 
lines the values of the constants in the spin Haniltonian 
were determined. Proceeding fron these values the position 

t The experimental values coincide 

he spin-lattice relaxation tine 
-2° gec. ‘thea hyper- 
of a sample contain- 


gecond case the e 


well with those computed. T 

™ obviously has the order of magnitude 10 

-microstructure was investigate ; 

ing chromium in form of 95 % Cr773 the dilution was 1 ¥ 10000- 

The nyper-nicrostructre is only well dissolved in the case 

of the line -1/2 «> + 1/2 with parnllel orientation and in 

that of the line &, <-> €, with vertical orientation, There 

are 4 components whish corréspond to the. various projections 

of the nuclear spin (I = 3/2). The components do not have 
Card 2/3 the same distance: The distance between the tvo inner 
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lines is less than one third of thet of the outer lines. 
These irregular distances can be: explained by the existence 
of a weak line in the center (which corresponds to the even 
isotopes in the sample). The following values were found 

for the hyper-nicrostructure constants ‘A and BrlAl = (16,8 + 
+ 0,04).10-4 cm? and 1B] = (16,8 + 0,06).1074 en™!. The 
coincidence of these. values speaks in favor of the practi- 
cally complete isotropy of the hyper-nicrostructure. There 
are 1 figure, and 4 references, 3 of which are Slavic. 


Agsoctatror: Moscow State University 
(Moskovskiy gosudarstvennyy universitet) 
SUBMITTED: | Noveuber 13, 1957 


AVAILABLE: Library of Congress 
1. Paramagnetic resonance-Spectrum analysis 
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AUTHORS : Zverev, Ge Me, Prokhorov, Ae Me 


ar or cen SER i 
TITLE; : The Paramagnetis Electron Resonance of the: Ion yr in. 
Corundum (Elektronnyy paramagnitnyy rezonans iona ¥ cy Yorunde) - 


PERIODICAL: Zhurnal ekeperimental‘noy 4 teoratiohvakoy fiziki, 1958, 
Vol. 34, Nr 4, ppo 1023 ~ 1024 (USSR). , 


ABSTRACT; The authors investigated the spggtrun ef the. paramagnetic 
electron resonance of the ion V7" in & monocrystal of the 
corundum Al 203° The spectroscopic basic state of this ion 


is 3p e The seven times degenerated orbital energetic level 
is ae up by the electric field of the crystal into a | 
singlet and a triplet, the triplet being the lowest level. 
This applies to crystal fields of cubic symmetry. A cryatal 
field of trigonal or tetragonal symmetry further splits up 
this orbital triplet into a dgublet and a ginglet.. The low~ 
est energy level of the ion V in a wrystal-field of tri- 
gonal symmetry is a singlet (S = 1), degenerated three times 
with regard to the spin, A line would have ‘to be observel 
which corresponds to the transition from the level 5 +1 
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to the level S,=-° t. In order to be able to investigate 
this line its width must not be too great, i.e. the fyme | 

of the spin-lattice relaxation must be more than 107''sea. 
In the lattics of corundum there exists a strong electric 
field of trigonal symmetry which drives the lower orbital 
levels of the ion V’* far apart. Therefore the time of spin 
lattice relaxation is probably sufficiently long & low tenm- 
peratures, In such crystal lattices, in which the axial conm- 
ponent of the electric field is weaker,the lines of para= 
magnetic electron relaxation are prebebly not easily visible. 
The authors observed aiine of the ion V tin a corundum 
monocorystal at T= 4,2 K at frequencies of from 14 900 to 
38 000 megacycles. When the temperature dropped to 2°K the 
intensity of this line decreased considerably. When the ten- 
perature rosa, the line became wider and then disappeared. 
At T= 77 °K this line was not observed. The Line consisted 
of 6 equidistant gguponents, which corresponds to the: nuclear 
spin I «= 1/2 of V~". The line was visible at parallel orien- 
tation. The half life component of a single component was 

20 Oersted at parallel orientation and the distance between 
the components amounted to 1068 Oersted. The apectrum can be 
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The Paramagnetic Electron Resonance of the Ion V in Corundum . 


interpreted by means of a given spin ‘Ranittontanstie authors 
thanked 8. M. Grum-Grzhimaylo and A. A. Popova for the 
production. of the samples and Pro?.3sor A. I. Shal'nikov 
for his aid in carrying out experiments at low tem- 
peraturcs.There are 4 references, 0 of which are Soviet. 


ASSOCIATION: Moskovskiy gosudarstvennyy universitet 
(Moscow State University) 


SUBMITTED: January 16, 1958 


1. Corundum-~Resonance 
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| -— g0v/56-34-6-50/51 
k Korniyenko, Le S., Manenkov, Ae Ac, 
Prokhorov, A. M. : ef: eA 
A Faramagnetic Amplifier and Generator onthe Basie of Chromic — 
Corundum (Paramagnitnyy usilitel! i generator no khromovon 
korunde ) ' ; 


Zhurnal eksperimental 'noy i teoreticheskoy fiziki, 1958, 
Vol. 34, Ne 6, pp. 1660-1661 (USSR) — ee 


The spectrum of cr?* in’ corungum was investigated in previous 
papers (Refs 6-9). The ion Cr’* within the corundum is placed 
in an axial electromagnetic field which splits up the spin 
quadruplet of the lower singlet orbital level into 2 dublets 
with the distance 2D = ~ 0,3824 em~! between them. For the 
construction of the paramagnetic amplifier the authors use . 
the levels which (in the case that the crystal axis is orient-_. 
ated parallelly to the external constant paramagnetic field) 
are characterized by the quantum numbers M = 3/2, + 1/2. If 
the crystal axis is turned the states are intermixed, and the 
transitions between all 3 levels are: allowed. The levels 
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A Paramagnetic Amplifier and Generator on the Bais of chrome Corundum 


ASSOCIATION : 


SUBMITTED: 


Me- 1/2, 1/2 are used for the anpliviontion and the auxil- 
dary radiations excitate the transitions between the levels 
M= 1/2, -3/2. The frequency at which the amplification 

(or the generation) is carried out is equal to ~3000 mega- 
cycles and the frequency of the auxiliary radiation was equal 
to ~15000 megacycles. At T ~ 2°K the system was excitated 
by itself and changed over to the function’ of a generator. 
The exact data concerning this amplifier will be published 
later. The authors thank A. I. Shal'nikov for his help in 
carrying out the experiments at low tenperatures. There are: 
1 figure and 10 references, 6 of which are: Soviet. 


Fizicheskiy institut im. P.N. Lebedeva Akademii nauk SSSR 
(Physics Institute imeni P.N. Lebedev, AS USSR) 


? 
April 1, 1958 - 
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gov /56-36-2-62/63 


; : aa 
The Electron Paramagnetic Resonance of Go" in Corundum 
(Elektronnyy paramagnitnyy rezonans Co ss vi korunde) ©; 
Zhurnal eksperinental 'noy i teoreticheskoy fiziki, 1959, | 
Vol 36, Nr 2, pp 647-648 (USSR) : ; 


In a corundum single crystal which cohntsins admixtures of 
cobalt, the lines of the paramagnetic electron resonance .of 
the cobalt ion were detected at T = 4.2 Kat the frequencies 
9800 and 37500 megacycles. All these lines have a hyperfine 
structure of 8 components, which corresponds to the spin. 

I = 7/2 of the nucleus co29, If the magnetia field is parallel 
to the trigonal axis of the crystal, an intense line is db- 
served,the components of which (for ‘the frequency 9800 mega- 
cycles), have very different distances. If the magnetic field 
is perpendicula to the trigonal axis, the components. of the 
hyperfine structure of these lines are equidistant for both 
of the above-mentioned frequencies. Tho observed spectrum can 
be ascribed to Co*t of effective spin S' = 1/2. The hyperfine 
structure was not investigated in detail; the g-factors — 


- -' 5710004-6 
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The Blectron Paramagnetic Resonance of Co“ in Corundum: . a 


(measured in the center of the line) have the values © 

Sy = 2-27 and g = 4.95. Besides an intense line, sone faint 
lines are observed which have the hyperfine atrugture char- 
acteristic of cobalt. In contrast to the ions Cr , Fe’*, yot 
in corundum, the ion Co‘t has a noticeably longer relaxation 
time, since at T zg4+2°K the saturation effect takes place 
at powers of ~10 W. This is a translation:of this: short 
letter. 


ASSOCIATION: Institut yadernoy fiziki Moskovokogo gosudarstvemogo universiteta 
(Institute of Nuclear Physics of Moscow State University): 


SUBMITTED: December 16, 1958 
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Zverev, G.M.,.Korniyenko, L.S., Prokhorov, A M. 


Investigation of electron paramagnetic resonance of tron-group fons 
in corundum 


Referativnyy zhurnal, ‘Fizika, no. 11, 1961, 130, abstract. ‘weer w 
sb. "Paramagnitn. rezonans". Kazan', Kazansk, un-t, 1960, 7) | 


The electron paramagnetic resonance of Fe, Co, V, Cr and Cu fons in: 


the corundum lattice was experimentally investigated in a wide frequency (40 ,COo.. 


10,000 M¢ps) 


-and temperature (290°-1,7°K) range. The observed spectra were giver: 


a pertinent theoretical interpretation, and the values of the spin Hamiltonian 
constants were determined, Eleotron paramagnetic resonance of Cu ions in corundum 
was not detected. The valence states of ions in corundum were determined, and 
relaxation times at liquid He.temperature were evaluated, The feasibility of 


using Cr and 


Fe ions in corundum to design paramagnetic amplifiers was experimen~ 


tally demonstrated, 


[Abstracter's note; Complete translation] 
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2s 3/036/60/038/84/24/061 
7 B006/BO11 - 
AY.7700 | | : 
AUTHORS: Zverev, Ge Me, Prokhorov, As KM. | : 
————————_—_—_—— Sere neers Pe : a ee 
TITLE: Investigation of the Spectrum of Electron Paramagnetio. : 
Resonance of v3t in Corundum V ; : rae 


PERIODICAL; Zhurnal ekeperimental'noy 4 teoretichaskoy figiki, 1960, 
Vol. 38, No. 2, pp. 449-454 € 


TEXT: A previous paper (Ref. 1) had already reported on the investigations 
of the electron paramagnetic resonance spectrum in a corundum single orys- 
tal containing 0.13% V+, The present paper offers detailed information, 
and first of all, an interpretation of experimental results by the aid of 
the spin Hamiltonian, which describes the behavior of the three lowest ; 
energy levels in the magnetic field. The introduction offers several data 
concerning the free v2+ jon and the vanadium ion inserted in the orystal 
structure of A103, and a few general structural problems are discussed. 


The. splitting of the lowest energy level of the v°* ton in fields of dif- 
ferent symmetry had already been investigated to explain the magnetic | 
behavior of vanadium alum. The level degeneration is schematically ae 
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presented in Fig. 1 and is discussed (level splitting into a singlet and 
two triplets). The spin-orbit interaction gives rise to a further split~ 
+ing of the lower spin triplet into a singlet and a doublet (Refs. 4-6). 
The degeneration of the spin triplet is, however, completely eliminated 
on the contamination of a crystal with rhombic symmetry ~ which in faot 
occurs with corundum. Since already at room temperature, and all the more 
at lower temperatures, all of the energy levels except for the lowest are 
not populated, only the lower three spin levels are of interest for: the 
electron paramagnetic resonance, Transitions among these three spin levels 
can be observed by the method of the electron paramagnetic resonance. 
Fig. 3 shows the picture of such a resonance line of the V+ ion in 
corundum at V = 37,450 Mo/sec, T = 4,2 Ke There were also 


cr?* ana Fe’t Jone in corundum, but their concentration did not exceed . 

0.001%, Measurements had already been made in a wide frequenoy range 
9,000 - 39,000 Mc/sec) at helium temperature. Such:a resonance line 
Fig. 3) consisted of eight hyperfine structural conponents each, which 


is indicative of a nuclear spin of the yo! of I =» 7/2. The Hamiltonian 
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by which the experimental results were atudivd, candid 


i Ald At ar at Ata” ATA ala ae oo 
= ps * + &, PHS, + &, BCH S. * HS, ) + AS I, + Bt tt Sy T 2 + z(S,. “5. ), 


i] t 
g » and a, are the projections of the affective electron 


a the projections of the field strength suceen: By. and ae ‘the fadtors 


of the spectroscopic splitting, ® the Bohr magneton; D the conatant | 
of primary splitting, E the constant of the rhombie field; A and Bare - 
constants of the hyperfine structure. The constants of the Hamiltonian 
were found by the authors to be 


By = 1-915 + 0.002; D = (7.0 + 0.3) om™ iF JAl = (0, 959 + 02005). 10" zon" , 


[EI< 107% eae The results are discussed. The authors finally thank 
A, A. Popowil Re P. Bashuk, and A. S. Bebchuk for their assistance, - 
7 Hee are 4 figures and 11 references: ee Soviet, 2 Dutch, 2 British, ‘and: 
merrtan 
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AUTHORS: Zverev, G. Ms, Prokhorov, A. M. = oo 
eee eo 8 oe 
\ 
TITLE: Electron Paranagnetic Resonance! and Spin Lattice Relaxation. 
of the Co- * ton in Corundun a - aA 
PERIODICAL: Zhurnal sinpociuenvalings 4 teoreticheskoy Pietks, 196, 
Vol. 39, No. 1 (7), pp. 57-63 


TEXTs The purpose of the present work was an investigation: of the 


electron paramagnetic resonance of the gore ion in corundum, its 
theoretical interpretation, and a determination of the spin lattice 
relaxation time. The energy levels of the coet ion which, as a free ion : 
in the ground state, has a 4p term corresponding to the zat configura- 
tion, are split in the corundum crystal by the Stark effect: of the 
electric field of the neighboring ions. The electric field in the 
crystal is formed by the 0“~ octahedron, and has mainly cubic symmetry 


with slight trigonal impurities. The behavior of the co*t fon in the 
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Relaxation of the Co“* Ion in Corundum B006/8070. 


orystal field, and the splitting of the lino are investigated in the - 
introduction. The experimental results are then mentioned (Which have 

partly already been published in Ref. 8). The spectrum of the electron 
paramagnetic resonance of Co“* was investigated at 4.2°K. It consists of. 

two groups of strong lines which show eight hyparfine-structure oompanents i 


(1=7/2 for co”), and some groups of weak lines characteristic of cobalt f 
hyperfine-structure. The intensities of all lines diminish with decreas- 

ing temperature; that means that the lines are due to transitions between 
levels of the lower Kramers doublet. For the constants of the spin 
Hamiltonian of the lines 9000 and 38000 Me/sec, the following values - 

were found: att 

Line I 

&, = 20292 + 0.004 & = 4-947 + 0.003 

A = 3.24 + 0.01 B= 9.72 + 0.05 

Line II 

Gy, = 2-808 + 9.003 ey" 4.85 


y) 
A= 2.08 + 0.09 B= 13.10 
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‘Electron Paramagnetic Resonance and Spin Lattice 8/056/60/039/01/08/029 L 
Relaxation of the Co*+ Ion in Corundun B006/B070 — by @3 
Fig. 1 shows lines I and II for parallel orientation, the magnetic field. 
increasing from left to right. The lines I and II belong to different 


non-equivalent ion systems. The existence of the two ion systems of Cont! 
in corundum is then discussed on the basis of the lattice system shown in 
Fig. 2. At the same time, brief mention is made of the calculation of tha 
hyperfine structure constants A and B. The spin lattice relaxation | 


time Ty, in corundum for a cobalt concentration of 107°% at. helium 


temperature was determined by the method of saturation of the resonance 
lines. At 4.2°K, v, was found to be 1 sec which is abnormally high, 


while, at 22°K it was only 3.1078 sec. Fig. 3 shows the temperature | 
dependence of ie From 1.8 to 4.2°K, v is inversely proportional to 


temperature. Some details of the experimental method, and the temperatura 
dependence of T, are discussed at length. The authors’ thank P. RN. Bashuk | 
and A. S. Sebchuk for preparation of the samples and L, S. Kornivenko 

for discussions. There are 3 figures and 16 references: 4 Soviet, 

9 American, 1 Dutch, and 2 British, 
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82613 : 
8/056/60/039/001/029/029 
LY 62ROO 7,7 . B006/B063 aor 
LY, 65320 = 
AUTHORS; Zaverev, G. M., Prokhorov, A. Me y, 
ee FORO OV fie He : 
TITLE: Electron Paramagnetic ResonanceYof Vanadium in Rutile 
PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, Y 
‘Vol. 39, Now 1(7), pp. 222-223 : Po 


TEXT: In Ti0g containing a 0.01% vanadium impurity the authors 
detected an electron paramagnetic resonance (e.p.r.) spectrum that 
consisted of two lines showing a hyperfine structure (split into eight 
components) characteristic of VD! (nuclear spin 7/2). For 5 = 1/2 and 
Ia 1/2 the @-pere spectrum of vanadium is represented by the spin — 


. A A A an: A’A ACA: 
Hamiltonian aw = &yBH,S,. + By BHySy + &zBHzSz, + AyI,Sx + AylySy + AZIzS.5 


where g ~ anisotropy factor of the spectroscopic splitting, A - constant 
of‘hyperfine structure, and 68 - Bohr magneton; 2 is in the tetragonal 
axis, and x and y run parallel with the directions (1.14] and [110]. The 
following values were determined for the Hamiltonian constants at 77°K 
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Electron Paramagretic Resonance of 8/056/60/039/001/029/029 
Vanadium in Rutile : BO06/B063: = 


and 9800 Mc/sec: gy = 1.95540.001, By = 1.91340.001, g, = 1.912 40.001; | 
Ay = 14.1540.07, Ay = 3.0940.03, and A, = 4.4120.03. Ay, Ay; and Ay are» 
given in 10-3cm-1, Other frequencies and temperatures yielded the same 


results, i.e., the constants were practically independent of temperature: 
and frequency. At room temperature vanadium showed no e.p.r. in rutile. 
The lines became narrower with dropping temperature, and at 90°K their 
width was 3.5 oe, after which it remained constant. This width is 
supposed to be due to spin-spin interaction of paramagnetic vanadiun . 
ions. The spin-lattice relaxation of vanadium ions in ‘rutile was 
measured by the method of continuous saturation. At 402°K it was 
2.10°lsec, and at 909K, 6.10-6sec, In the case of saturation, a line 
broadening was found at 90°K, which confirmed the above-mentioned 
assumption on the nature of the line width. All experiments indicate 
that vanadium igs incorporated in the rutile lattice in the form of V4t+ 
ions. R. P, Bashuk and A. 8. Bebchuk are thanked for having supplied 
the specimens used. There are 3 non-Soviet references. ; 
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‘AUTHORS; - Zverev, G. Me, Prokhorov, A. Me ee ; | S429 
priser: TET Sri Me ee a i. 
TITLE: The Cross Spin Relaxation in the Hyposfine Structurd of the 


Electron Paramagnetic mosonenoay to in Corundum | Ie: 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheakoy fiziki, 1960, 
Vol. 39, No. 3 (9), pp. 545 - 547 = in ora 


TEXT: The authors discuss the effect of cross relaxation (Refs. 1-4): 
occurring in spin systems with little differing resonance frequencies, 
They studied the cross-spin-relaxation of transitions corresponding to 
different projections of the nuclear'spin. The cor:ndum sample used 


contained 10-2 % of Co, -the time T,.0f the spin-lattice relaxation yas 


1.2 sec at 4.2°K. The trigonal axis of the erystal was parallel to H 
(outer magnetic field), the width of the individual components of the: 
hyperfine structure was 7.5 oersteds, the distance between the He sites do 
components was 30 oersteds. The sample was placed into a resonator which 
was modulated to two close frequencies ¥; and Yo ~9200 Mc/sec. The 
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The Cross Spin Relaxation in the Hyperfine 5/036(s0/os9/003/003/045 
Structure of the Electron Paramagnetio 2004/BO 
Resonance of Coe si Corundum 


lines of the electron eapiwagretio resonance were. i yaaevad: at the | 
frequency v, by means of a superheterodyne radiogpectroscope. The 
frequency Vo supplied the saturation pulse. The restoration of the line 
intensity after switching off the saturation pulse was recorded by means 
of a cinematographic camera..A figureillustrates the relation 

log(J, - J) = £(t). J is the absorption intensity, proportional to the 
filling n of the spin levels, Jy is the absorption intensity in thermal 
equilibrium. The curves are given for two cases: : 1) All of the eight | 
components of the hyperfine structure were saturated to one level, The 
relaxation is then expressed by ng - n= A exp(- t/T;) C15 2)° Only an: 
outer component was saturated by a short pulse. The relaxation is in this 
case faster due to spin-spin interaction. The calculation was made here 
on the following asaumption: a) the aroga relaxation between eaah:. 
neighboring component pair oan be oxpreuned by the sama parameter Tyas 
the cross relaxation time ; b) only the sae ps interaction of 
neighboring components is taken into account. The authors obtained 
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The Cross Spin Relaxation in the Hyperfine 3/056 eases 03/45, 
Structure of the Electron Paramagnetic oe 
Resonance of Co2+ in Corundum 


equation n, - n= 2 are22(- nA, tsa = 1/2, + toMy c, are 


< 


conditions. The experimental data corresponded to a T12.0f 0.27 sec. 
While T; depends on temperature, 1Tj9 was constant between 1.8 and 42 °K. 
There are 1 figure and 4 references: 1 Soviet and 3 us, : 


saatadtes the goerPicients As are dependent. on the akoemcntal UX. 


ASSOCIATION: Institut yadernoy fiziki Moskovskogo caoudasaiveuions 
universiteta (Institute of Nuclear Physics of Moscow 
State University 


SUBMITTED: April 9, 1960 
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:  "IVEREV, Golfo 


Spestroscope for investigating spin-lattice. dotaxatton: of 0 ; 
paramagnetic substances in the temperature range from 2 to 60" K. - 
Prib.i tekh.eksp.. 6 noo5210%112 SO "Ele | — (HORA 14310) 


1. Nauchno-issledovatel'skiy institut yadernoy fizikd, Hoskovskogo 
gosudarstvennogo universiteta. 
(Spectroscope ) 
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Electron paramagnetic resonance of the y+ jon. ‘An Sorunduns dhur- i 
eksp. i teor. fiz. 40 no. Ms 1016-1018 Ap ‘61. : | CRA us wn 


1. Institut yadernoy fiziki Moskovsk ogo gosudarstvennogo 
. universiteta. 


(Faranappetic resonance and relaxation) 
‘(Corundum--Electric properties) 
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Bi11/BZ01 
Zverev, G. M. 
TITLE: Nature of spin-lattice interaction in chromium corundum. , I 


PERIODICAL: Zhurnal eksperimental! noy i teoreticheskoy fiziki, vs 40, 
no. 6, 1961, 1667 ~ 1671 eA Vi 


TEXT: ‘The spin-lattice interaction plays an important part in paramagne- 
tic amplifiers. Various mechanisms have been offered in’previous papers 
to explain the interaction, but none has proved fully satisfactory.’ The 
author assumes, that several mechanisms participate in spin-lattice re- 
laxation. All of his experiments have been conductad with 9400 Mo/seo | 
by the method of continuous saturation, The spin-lattice relaxation — 
time has been determined in corundum specimens of a uniform concentration, 
put with different contents of defects. ‘The latter were produced by 
fast neutrons or gamma irradiation in a reactor, their concentration was 


of the order of 10/9 en? In irradiated specimens with a Cr content of 


Card 1/47 


oH Lilis2t Aah Le ac 
ursday, September 
26,2002 CIA 
-RDP86-00513R00: 
2065710004-6 


ursday, September 26, 2 : 
002 CIA: oR a4 8 aka . : 
3 /056/61/040/006/010/031 J 


pii1/B201 


pin-lattice interaction.+- . 


time T, for 1/2. 1/2 transitions 
times legs than that of non- © 


Nature of s 


2.107", the spin-lattice relaxation 
with parallel spin orientation was three 

irradiated specimens having the same chromium concentrations At a con- 
centration of a-10-4, 1, of a test specimen was less. T # 4. 20K in poth 


experiments» At a temperature of 77°K the relaxation times were found: to 
coincides The author states that phonon effects are of some {mportance 
in case of small chromium content only: A gpecial apparatus was used to 
determine the temperature dependence of the relaxation time (G. Me: Zverev, 
pte (in print))- The attached figure shows results for aifferent Cr 
contents. The curves hold for transitions 1 2+ at {2 with an angle af 


g = 5°. Curve l refers to 


tion of c # 2-10 '§ 


a chromium-ion concentra 


4 and curve 3 for © 212 asi" « Curve 1 

-Van Vieck mechanisay Up to 50°K absorption 
dividual phonons prevails while the phonons 
peratures. Curve 3 snows best how a new 
tions of paramagnetic fons. 


curve 2 holds for ¢ = B+10" 
corresponds to the Kroniger 
processes and emission of in 
show a Raman effect at higher tem 
mechanism plays & role at higher concentra 
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“It corresponds to an exchange interaction between the ohronium ion pairs. . 

. To explain the plateau in curve 3 it is necessary to nssume a heat ex- | 
‘change reservoir between spin syatem and lattices Ae Ay Manenkoviis 6 2 

“mentioned. Professor A. M. Prokhorov is thanked for valuable advice, 7; / 

oN. I. Naumkin, N. G. Petblina and V. P. Kiryukhin for their assistange | 

“dn the experiments. There are 1 figure and 18 references: 3 Soviet+bloa 

_ end 15 non-Soviet-bloc. The two most important refer@noes to English- — 

‘ language publications read as follows: R., Kronig, Physica, &y 33, 1939; poe 
J. H. Van Vleck, Phys. Rev., 57, 426, 19403 A. i. Skwalow et, ele, Phys.) 

os Rev. Lett., 3, 271, 1959. - Chee eae 


woo. ASSOCIATION! Institut yadernoy.fiziki Moskovskogo gosudarstvennogo uni- 
— versiteta (Institute of Nuclear Physics of Moscow State 9 4% 
University) - - 


“SUBMITTED: January 30, 1964 acs eee mre 


Ke . card 3/5 


“APPROVED FOR RELEASE: Thursday, September 26, 2002 CIA-RDP86-00513R002065710004-6 
CIA-RDP86-00513R002065710004-6" 


APPROVED FOR RELEASE: Thursday, September 26, 2002 : 
SHAVLOV, A.[Schawlow,A.]; FOGEL', S.[Fogel,S.]; DALBERDZHER,: L. 


(Dulborger, L.]; KORNIYENKO, L.S.(tranalator]; ZVEREV, GMs. 
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POPOV, R.Yu., redo; IOVLEVA, N.A., tekhn. red. 


(Optical masers (lasers)Opticheskie kvantovye generators 
(lazery). Moskva, Izd~vo inostr. lit-ry 1962. 114 p 


Translated from the English. (an 15 #11) 


(Masers) 
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ZVEREV, G. M.; PROKHOROV, A. M. 
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" Tevestigation of ESRof Co“ in Ti0, " 
Report presented at the First International Golifershes: ‘on 


Paramagnetic Resonance, Jerusalem, Israel, 16-20 July 1962, 
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AUTHORS: Sisees Cer L. S., Prokhorov, A. Mo, and 
Mirnov , I. 


TITLEs Electron paramagnetic resonance and spinciattsos pelaxatien 
of the gr’? ion in’a car, ingle erystal | 


PERIODICAL: Fizika tenvdons tele; Ve ne NO» 25 1962, 392- -395 


TEXT: Er°* was introduced as an isomorphic impurity into CdF,, in which 
the fluor ions form a cubic lattice, the Cd j4onsa being in the centers of 
cubes formed by the anions. The grt jons replace Cd'ions. The e. pe Te 
measurements were made at 4.2 x, with several different frequencies ‘and 


for an grt concentration of 0.1%. The following spectrum parameters: 
were determined: , : 
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UV, Mc/sec g Ay aa 


9500 60758+0.010 /-73.0+1.0 
25800 6.745+0.005 - 
72000 . 6. 735+0.005 13.9+1.0 
The frequency dependence of the g-factor is due to the contributions ‘of 


the wave functions of the excited states. The field-induced change of 
the g-factor can be determined by using perturbation theorys 


&= & [ LEE C | 3 3 2>| 2) : : x 


&, is the g-factor at HO, /\ - Landé factor, big the mean distance to the 
gis 3. 4 


nearest upper level of the state group (2): { 9» to? =" 


+ 2! + 
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9/161/62/004 /902/014/053 
Electron paramagnetic resonance and +. BI0Z/E! ey. 


a4) and |2) denote the ground and excited states. 


A = (2.3140.03)-107°on™ Spin-lattice relaxation was studied by the 
continuous saturation method and by the pulse method with 3.2 cm waves. 


The temperature dependence of relaxation time ™] was determined by several 


methods, e. g. between 16 and 18°K from epr line broadening. Though 

S. A. Al'tshuler has developed a theory of: spin-lattice relaxation of 
rare-earth ions, (ZhETF, 24, 691, 1953), the experimental results fer Ere? 
ions in a cubic lattice can only be explained qualitatively. At 


T(402°K, oe ae at higher temperatures the course of 7, (2) cannot: be 


described by an exponential law of the Tr" type. This is due to 


anomalies caused by cther bi- and trivalent ions. L. M. Belyayev, 

Kh. S. Bagdasarov and V. Ya. Khaimov-HMal'kov and PF. P, Pashinin are thanked 
for help. There are 1 figure, 1 table, and 15 references: 5 Soviet and 
8 non-Soviet. The four most recent references to English-language x 
publications read as follows; M. Dvir, W. Low. Proc, Phys. Sode, 75) 136, 

1960; W. Low. Paramagnetic Resonance in Solids. p. 130, New York - Londen. 
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1950; C. B. P. Finn et al. Proc. Phys. Soc. B77. 261, 1961; I, M ee 
et al. Proc. Phys. Soc. B73, 942, 1959. . nen > Je MM. Raker 


ASSOCIAVION: Moskovskiy gosudarstvennyy universitet im. Mi. V. i 

Lomonosova (iloscow State University imeni M. ¥. Lomoncsor) 
SUBMITTED ; August 14, 1961 : 
3+ 


., 


Fig. Time dependence of for Er 4 : 
1 : : : x 
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Mechanism underlying the effect of a vanadium sdaisrture 
on the spin-lattice relaxation of chromium in corundum. ie 
Fig. tver. tela 4 no.11:3136-3143 N '@, > (MTRA 15:22). 


1. Moskovskiy eon mera bre nHyy. universitet Amend. 

M.V. Lomonosova. 

(Paramagnetic resonance and relaxation) _ 
(Nuclear seme : 
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Electron paramagnetic resonance of rutile containing cobalt,  —_.. 
Thur, eksp. i teor, fiz, 43 no.22422-425 Ag '62, (MIRA 16:6) 


1. Institut yadernoy fiziki Moskovskogo gosudaratvennogo universiteta, 
(Paramagnetic resonance and relaxation) (Rutile) (Cobalt)  — 
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AUTHORS s Zverev, G. M., Petelina, N. G. 
De ciamentenmneannannememnemmmnemenntitted : 


TITLE: Electron paramagnetic resonance of cont ions in corundum 


PERIODICAL: Zhurnal eksperimental'noy i eaaeerebndercny fisiki, Ve 42, 
no. 5, 1962, 1186 - 1190 


. 


TEXT: Various versions of the theory of electron paramagnetic resonance 
of coe* are checked. Cobalt ions in the A1,05 lattioe form two nonequi-« 


valent systems with a.common axis of trigonal symmetry, but with differant 
constants of the spin Hamiltonian. The following values were obtained 
from measurements of the By factors: ; 


Y, 10? .cps gon 37 


ion system I ‘ ’ 4.936 © 0.003 
ion system II 4. 850 + 0.005 


gists 
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(2hETP, 39, 57, 1960). The high values of g, for I iid It at '9*109 oyoles 


are probably due to the apcunatande that at this frequency the hyperfine 
structure is comparable to the mean magnetic field strength. The - 
experiments do not confirm the expected diminution of &, with increasing 


frequency. The temperature dependence T, (T) of spin-lattice relaxation 


time was measured by the method of Reenter saturation using a 3. 2-cm. 
microwave spectroscope. The following . st pole is fairly satisfied for: 
the system I at 9- 30°K: = 1.610 I/kT sec, while 

10712 gb r/eP is satisfied for the system II at 14 - 26°K, Below 

is inversely proportional to T in both systems. é, = 110 15 
1 phe experimental form of t,(T) is explained by 


TT, 9 10 


4.2K, 7, 
nae 844 = 185 + 20 cm 
the relaxation process through an excited state, as suggested by R. Orbach © 
(see reference) for magnesium-cerium nitrate. This excited state is .. 


respectively 110 on™’ and 185 en”! above the ground state for the ion 
groups I and II. The process mentioned above determines relaxation as, | 
far as 30°K. The g-factors and the spin-lattice relaxation time of Co 
Card 2/3 
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ions in an 41,0, lattice can be explained under the usual adinptlone on | 


the character of the crystal field (A. Abragam, M. He. L. Pryce. Proc. Roy. 
Soa., A206, 173, 1951). The values of & determined from the relaxation. 
axperinents are suitdd for stricter calculations taking acoount of the | 
covalent bond. "Two-stage" relaxation must play an: important part also in 
the other ions of the iron group. There are 2 figures and 1 table. The 
most important English-language reference is: C. 3B. P. Finn, R. Orbach, 
W. P. Wolf. Proc. Phys. Soo., 77, 261, 1961. © : oi : 
ASSOCIATION: Institut yadernoy fiziki Moskovakogo goaudarstvennogo | Kee 
universiteta (Institute of Hughes Physics of Moscow State, 
University) 


SUBMITTED: December 23, 1961 : = 
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AUTHORS : ccZverev, G. M., Karlov, N. V., Korniyenko, Lev S45 pas 
Manenkov, A. A+, Prokhorov, A. M. : my 


TITLE: Application of paramagnetic crystals in quantum electronica | 
“PERIODICAL: ‘Uspekhi fizicheskikh nauk; v.77, no. 1, 1962) 6% - 108 | 


PEXT: Western and Soviet studies during the period 1952 ~ 1962 concerning 

the progress in the application of paramagnetic crystals for building, 
quantum devices are reviewed. In these devices, which are used in the — 
fields of radio and optics, negative temperatures are: produced by : 
auxiliary radiation. The following problems are discussed: energy levels, -—~ 
of paramagnetic ions in crystals; relaxation phenomena in paramagnetic 
crystals; (paramagnetic) quantum amplifiers of the radio range (para~ 
magnetic resonance amplifier Pily (RPU), paramagnetic ‘progressive wave i 
amplifier TIYEb (PUBV)); quantum generators and amplifiers of the optical. 
range (optical quantum generators with ruby and fluorite, quantum anpli-. 
fiers, quantum counters). Finally, the great progress achieved in quantum 
electronics during the short time-of its existence is pointed out: _— 


. 
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establishment of highly accurate’ frequency standards for various purposes ;' 
development of low-noise paramagnetic amplifiers of ‘the radio range and’ of. 
optical generators having a high degree of coherence and high spectral . 
radiation density. The quick progress of quantum elestronics and its pro-: 
aising prospects,are the consequence of -its development on the basis of 
already existing technology. Progress was first achieved in the radio - 
range, and later in the optical range. At present work is in progress in 
developing the entire range, including the submillimeter- and distant { 
infrared range. There are, 27 figures and 134 references: | 45 Soviet-bloc 
and 99 “‘non-Soviet-bloc, The four most important English-language refer-- 
ences are; J. R. Singer and S. Wang, Second International Conference on 
Quantum Electronics, Berkeley, 1961; Ww. G. Wagner and G. Birnbaun, Second 
International Conference on Quantum Electronics, Berkeley, 1961; : 
Re Vi. Hellwarth, Phys. Rev. Lett., ve 619 (1961); A. Le Schawiow, 

G. Es: Devlin, Phys. Rev. Lett., v. 6, 96 (1961). 4 


Card 2/2 


GENERATION OF MILLIMETER WAVES IN OPTICA LLY PUMPED RUBY 
(USSR) 


Zyverev, G, M., A. M. Prokhorov, and A, K, Shevchenko. Zhurnal eksperi- 
mental'noy i teoreticneskoy fiziki, v. 44, no. 4, Apr 1964, 1419-1418, 
3/056 /63/044/004/042/o044 


Experiments have been conducted using a ruby laser at TT°K to pump 2 three- 
level ruby millimeter-wave (35-50 -109 cps) generator operating at the same 


temperature. Emission from the nitrogen-cooled ruby lager passed through 
a syStem of mirrors and a lens Onto the end of a mtrogen-cooled ruby which 
Sé0velr as a m..lometer-saac resonator and whose c-axis was perpendicular to 
ine externa. magnetic field. Emission from the generator ruby was detected 
by a reflector-type Superheteraodyne radio spectroscope which alao contralled 


i 


§/056/63/0h4/ook ote /foue 


' the required magnetic field. The detected output, along with the photomulti- 
’ piler-monitored laser pu.se signal, wags displayed on the screen ofa pulge 
The generated millimeter-band power output was ~ 1073 w. 


4585100 had the mu.tipie-spike for in rf-pumped paramag-~ 
x in power ideally obtain- 


ornium ion concentration) ig 1.7 mw ina 
suration of ~ 150 Bsec, {BB} 
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TITLE; Temperature dependence of spin-lattice relaxation'of tetravalent 
vanadium anion in rutile J : 


v\ 
SOURCE: Zhurnal eksper. i. teor. fizild, v. 44, no. 6, 1963, 1859-1863 


TOPIC TAGS: spin-lattice relaxation, epr, tetravalent vanedivrn anion, rutile 


ABSTRACT: The temperature dependence of the Spin-lattice relaxation r of the 
V** jon in rutile was experimentally investigated in the temperature range be- 


tween 4.2 and 110K. The cor centration of the paramagneiic ions was = 9.91%, , 


All measurements were conducted with the tetragonal ¢ asis of rutile parallel 


to the external magnetic field. It was found that between 4.2 and 10K, r ig in- 
versely proporticnal to temperature (T). Between 10 and 30 K, varies approxd- 
mately as T7 °*3 Some deviation from this proportionality was observed in the 
range of O-79K, At temperatures between 70 and HOCK, ~ = 61.9%? expl AKT), 
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where \ ig the excited state of the V*~* ion 650-cm  abova the ground state, 
which is responsibi e for Spin-i attiee relaxation in this ¢emoeratcurea rang¢, The 


jentaicmmetivod 


=2€ fiegt tical-with® seelipes ERE : 
spin-lattice relaxation of tetravalent vanadium anion in rutile is caused hy optical 
phonons or is due to a higher-order process in which four acoustic phonons par- 
ticipate in the relaxation. "The author thanks S. A. Al'tshuller for a valuable 
discussion and Y. V. Makarenxo for his he!p in making reagurements.”’ Orig. 
art, has: 4 figures and i formula. 
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AVITLE: spin lattice relaxation of ‘the er3t fon, in single oryatels of CoP », Ba? 5, ; oe 
and CaFo — : : + e 
‘SOURCE: Fistka tverdogo tele, ve 6, no. l, 1964, 96-100 


TOPIC TAGS:. spin lsttice relaxation, eaded um fluoride, beriun fluoride, caleium : a 
fluoride, paramagnetic resonance, relaxation tine temperature dependance, elastic | ’ 
scattering, two phonon process, direct relexation process, excited state 


| ABSTRACTs The authors exsmined both paramagnetic resonance spectre and rolexn~ 

:. thon preceases for the Er?” ion in single crystols of CdF 5, Bis, and CaFy. Spine . 

lattipe relaxation times were measured for 3-cm and S-am waves at tenperstures og eS 
renging from 1.6 to 25Ks, The results are summarized in Figs. 1-3 of the Enclosures. 

_At tamperatures above that of liquid helium, relaxation is determined by the two- 

phonon process of relaxation t h the excited state. Thi time depends expo- - bags . 
nentislly on teuperaturet ¢. ~~ exp 6). ‘M tempersturea of 1.6-4.2K, direct = a 


ly on t , Pa | 7 
“pelaxation processes are complicated by heating of the phonon spectrum, She |. | 
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ee 4 depandence of. relaxation time ¢ ‘on tempersturs, is act then apisted: ‘tee ordinary 
- > direct processes, As mechanisms of phonon relaxation the authors! suggest cross 
:. .Yelaxation and the Anelastic gaia! of — y pene: oe ae hast ‘s ie 2 
figures. , ae 
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TITLE: Investigation of spin-lattice relaxation ‘Of a pdsitive trivalent’ ephiun' ton ‘tn 
cadmitm fluoride and calcium fluoride single crystal in tha 3-70 Geo frequiticy tanga: 
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v a 
SOURCE: Fizika tverdoga tela, v, fl, tlo. 5, 1866, 1379-230), 


TOPIC TAGS: 
mium compound 


6f on a wavelength of 3.2 cm (a 
1 being very nearly proportional to v. 
may be approximated by a function of the form 


ie 
Bintan tha 


a ba —— : 5 
"ACE NA: APGOLSUSS = 


| where w is in sec"! and v 4s in Ge. 
cfowith oo frequency: * reaching = nae na a 
sharp’. --reduction..-°» It -1s.° ast oo (that 


Rance phonons has a considerable effect ou rélatation:of érdiun. ols so. that 


B lkea- 


| | thon of the line from even isotapes of the trivalent erbitm jon ts impeded by the lack]. 


of resonance phonons. As a result, the tranefar of Qpin dhargy to the lattice fa at- 
fected to a great extent by cross relaxation to tha ‘wings’ of the line which are 
formed by trivalent erbium fons located tn axial crystal fields of varying strength 
and symmetry. The obstruction to relaxation is relieved by this ctoss relaxation 
which introduces phonons fn a wide mange of frequencies. The effect fs amplified when 
the ‘wings’ overlap the spectrum of impurities which have a short relaxation time. 
This type of mechanism gives a qualitative description of the experimentally observed 
relationship between relaxation time and magnetic field intensity fin weak fields but 
becomes less significant as the magnetic field intensity fnmreasas. The experimental 
results depend coneiderably on the purity of the specimens studied and the concentra- 
tion of erbium fons in various environments. The authors are grateful to P. P. Pashi-~ 
nin for giving them the opportunity to carry out the experiinint on the 9.4 om wave- 
length and for valuable consultation. Orig. art. has: 1 figure, \ (14] 
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TITLE: Destruction of ruby and leucosapphire:crystals by ii gh-intensity laser beams sie 
SOURCE: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 51, no. 3, 1966, : 
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| TOPIC TAGS: nonlinear optics, stimulated Brillouin scattering, multiphoton jioniza- 
tion, ruby, leucosapphire, crystal damage, laser induced damage ,: laser effect 4 LASER 
SEAM ,CLYSTH EL. PROPERTY SAPPHIRE CRY STH DEFECT e 8 
ABSTRACT: An experimental investigation was made of the damage induced in ruby and 
leucosapphire .crystals by the focused beam from a 1-j 30-Mw Q-switched laser. The 
damage in leucosapphire crystals at the focus-of an f£:5 emslens was in the form of a. 
spherical channel 1 mm in diameter. In the case of an f:15 cm lens, the lagging 
crystal surface sustained small, crater~like damage. Certain ruby crystals (group 1) 
| sustained damage identical to that in -leucosapphire crystals, while in other. ruby 
'erystals (group II) the damage was in the form of “tracks” ‘consisting of a series of. |— 
| small cracks perpendicular to the incident radiation. ‘The tracks were several cia | 
1 long and 2—3 mm in diameter and were observed for both the fi5 and f:15 lenses. The |! 
damage threshold for leucosapphire and Group:I ruby crystals! tas approximately L 
1019 w/cm?, while that in Group II ruby crystals was about 108 w/em*. Damage in all j{ 
ae i 
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AUTHOR: Bashuk, BR. P.; Gritsenko, M._M i Grum-Grzhimaylo, 8. V.; ie 
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ORG: none- 
. TITLE: Comparison of different methods for determining chromium concentration 
* in ruby , 


SOURCE: Zhurnal prikladnoy spektroskopit, v. 5, no. 2, 1986, 172-177 
- TOPIC TAGS: chromium, ruby, optical absorption, magnetic measurement 


ABSTRACT: Chemical, magnetic, optical, and radiospectroscopic methods are 
'. described for determining the chromium concentration in ruby. The limitations 
and possibilities of these methods are compared. The factor. for converting the 
optical absorption value into concentration is determined frorn magnetic measure | 
ments; it si equal to 0.29. Orig. art. has: 4 figures, 5 formulas, and 1 table. i 
‘| [Based on authors! abstract] {NT} 
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TITLE: Paramagnetic resonance of Cet and na?* in SrMo0,4 single crystals 
SOURCE: Fizika tverdogo tela, v. 3, no. 12, 1966, 3686-3688 i 8 


TOPIC TAGS: strontium compound, molybdate, epr spectrum, activated crystal, cerium, 
|neodymium 26 — DG 
lassrract: To check against results obtained with other scheelites, the authors studied 
ithe EPR-spectra of Ce°’ and Na+ in single crystals of strontium molybdate grown by 
the Czochralski methed and containing approximetely 0.5% of Ce or Ild. The EPR: spectra 
were measured at 4.2K and 14.3 GHz.. In the case of cerium, a single intense line was. 
observed, due to the Ce** jon in a field of tetragonal symmetry. In the case of 
neodymium, the spectrum consisted of an intense line due to the even isotopes of na**, 
on which a hyperfine structure due to the odd isotopes Nd2*% and Nd2*5 4s superimposed. 
The g-factors half widths and the hyperfine structure constants were obtained for all |: 
jlines and agreed with an empirical relation obtained by others. A wave function agrees 
ing with the obtained data is also found for the lower state of Na in a field of * 
tetragonal symmetry. Orig. art. has: 2 figures and 7 formlas. {oz} Cwars) 
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TITLE: Paramagnetic resonance of Naj+ ions in single~crystol oxides of yttriun and 
scandium ; 


SOURCE: Fizika tverdogo tela, ve 8, no. 10, 1966, 3086-3088 


GOPIC TAGS; -yttriun, acendiun, oxide, neodymtun, paramagnetic regonanad, oryatal 
symnetry, forbidden transition, optic spectrum, microwave spectroscopy: 


ABSTRACT: This is a continuation of an earlier study of the optical spectra of Nast 
ions in ¥,0, and Se,0 (Opt. i spektro., in press) where the results were interpreted 
under the aS sumption at only one type of rhombic-symmetry center exists. :In view 
of the fact that other results suggest the existence of two types of symmetry centers 
(Cc, and S ), the authors have carried out a radiospectroscopic study ofthe same 
crystals, Paramagnetic resonance of na3+ in ¥,0 and Se,0. was observed at’ 4.2K and 
14.3 Giz. ‘Tne samples were oriented in such a way that En ‘constant field remained 
in the (110) plane during the crystal rotation, and the alternating field was perpen~ 
dicular to the constant field. An analysts of the angular dependence of the ie 
paramagnetic resonance spectrum established the existence of centers in: crystalline 
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--| fields of rnombic and trigonal symmetry, with predominant directions parallel to [110] 
end (111) respectively.. The components of the g-factors in the Na3+ spectra are cale. 
culated for both oxides and both symmetry centers, The concentrations of the two 
centers differ by only a factor of 2, Since the earlier investigation of the optical 
spectrum disclosed the existence of only rhombic-symmetry centers, this confirms the 
assumption that forbidden transitions have a high probability in the case of centers 
that have no inversion symmetry, Orig. art. has: 1 figure, 3 formulas, and 1 table. 
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Rediogenic crigin of argon in natural]. and petroleum gases 


iad 
PERIODICAL: Referativnyy zhurnal, Khimiya, no. 5, 1963, 16l, abstract 48126 
(Geol. neftli gaza, 1962, now 9, 48 ~ 50) 


TEXT: The isotopic composition of argon is datermined in natural gases fron 
4 deposits and in 8 by-product gases of petroleum and gas deposits. Only im one 
natural gas was radiogenic argon datected (14.1%), while in all the by=product 
gases it was detected in quantities ranging from 1 to 48.3% An increase in the 
amount of radiogenic argon with increasa in depth wag onserved. 5. Sobotobich. 


[Rostractor's note: Complete translation/ 
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[Human anatomy, physiology and hygiene; a textbook for 8th 
grade students of evening (staggered) ganeral: secondary 
schools] Anatomiia, fiziologiia i gigiena cheloveka; poso- 
bie dlia uchashchikhsia VIII klassa vechérnei (smennoi) 
srednei obshcheobrazovatel'noi shkoly. Izd.3. Noskve, Prom — 
svesnhchenie, 1964. 167 p. (MIRA 17:7). 
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Category: USSR/General Division. Problems of Teaching. — A-T | 


Abs Jour: Referat Zh.=Biol., No 9, 10 May, 1957» 35008 


Author : ev, 1I-D- 

Inst : eet given : 

Title : Elements of Chemical Knowledge in the Course of, Human Anatomy 
and Physiology (The Question of Intersubject Relations) 


Orig Pub: Yestestvozn. V shkole, 1956, No 5, 59-62 


Abstract: In covering the courses of human anatomy and physiology and 

chemistry in the VIIIth class, the teacher mat utilize the 

intersubject relations between these disciplines and particu-. 
larly lean upon the students' knowledge of cheinistry- In ex 
plaining new material on the themes "digestion, breathing, 
metabolism" and others, the teacher should conduct related 


experiments in chemistry. 
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Gas: dynanics. (Gazovaya dinamika) Moscow, ee "yang stot, 1965, 72 Ps 


‘4{Iluss, biblio., tables. 7500 copies printed: 


movich , Abram 


iderertcsy. gas aaa gas low, supersonic flow, cnrodynantc heating, boundary 


layer as : . 
PURPOSE AND COVERAGE: This ‘tanto’ for university etudente is re on ‘ectutes ia _ 
‘gas dynamics given by the authors at the Mechanical an and Mathematical Department,’ 


Moscow State University. The book presents fundamentals of ‘gas dynamics with 
special emphasis placed on nodern numerical methods of. sone ges — probless 


using electronic conputers. 


“TABLE OF CONTENTS 
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2.° Gas motion equations —- 98 oe eel. ae ts 
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(trancectiors of the International Conference On The P 
of Atomic Energy] Trudy Vtoroy vezbiunarodnoy konferentsit po mir 
nom ispol' zovaniyu atomnoy energii, 2a, Geneva, 1959. Isbrannye 
Doklady inos rannykh uchenykh. Moskva, Izd-vo Glav. uprave po ispol'= 
govaniiu atomnoi energe pri Sovete Ministrov SSSR. Vo1.6. {Nuclear 
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1. International Conference on The Peaceful Uses of Atomic Energys 
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ng with the same subject are mentioned. 
The authors investigated in detail this spectrum at'a fre- 
quency of 37860 negacycles. The.behavior of the energy levels 
with an external magnetic field being present is described 

by an Yamiltonian nentioned here. The inicrostructure was in~ 
vestigated of a corundum monocrystal: which contained, chrotiium 
in 1000-fold dilution. he position of the lines was measured 
for two orientations of the crygtal in the external magnetic 
field: 1) @he trigonal axis Zi it; 2) the trigonal axis - 
Zit. In the first nentioned case three absorption lines were 
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noticed which correspond to the transitions between tie levels 
with the following values for Mt 1) -3/2 <> 1/29 2) -1/2 «> 
> 41/23 3) +1/2 <P +3/2. In the nergy states 

Ex Eos €,, €, forma mixture of states of various M,. Al- 
togethér 6 abso tion lines were ovserved. of which the first 
three have an intensity which is smaller by two orders of 
negnitude than the last three. From ‘the position of ‘these 
lines the values of the constants in the spin Haniltonian 
were determined. Proceeding fron these values the position 

t The experimental values coincide 

he spin-lattice relaxation tine 
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of the nuclear spin (I = 3/2). The components do not have 
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lines is less than one third of thet of the outer lines. 
These irregular distances can be: explained by the existence 
of a weak line in the center (which corresponds to the even 
isotopes in the sample). The following values were found 

for the hyper-nicrostructure constants ‘A and BrlAl = (16,8 + 
+ 0,04).10-4 cm? and 1B] = (16,8 + 0,06).1074 en™!. The 
coincidence of these. values speaks in favor of the practi- 
cally complete isotropy of the hyper-nicrostructure. There 
are 1 figure, and 4 references, 3 of which are Slavic. 


Agsoctatror: Moscow State University 
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TITLE; : The Paramagnetis Electron Resonance of the: Ion yr in. 
Corundum (Elektronnyy paramagnitnyy rezonans iona ¥ cy Yorunde) - 


PERIODICAL: Zhurnal ekeperimental‘noy 4 teoratiohvakoy fiziki, 1958, 
Vol. 34, Nr 4, ppo 1023 ~ 1024 (USSR). , 


ABSTRACT; The authors investigated the spggtrun ef the. paramagnetic 
electron resonance of the ion V7" in & monocrystal of the 
corundum Al 203° The spectroscopic basic state of this ion 


is 3p e The seven times degenerated orbital energetic level 
is ae up by the electric field of the crystal into a | 
singlet and a triplet, the triplet being the lowest level. 
This applies to crystal fields of cubic symmetry. A cryatal 
field of trigonal or tetragonal symmetry further splits up 
this orbital triplet into a dgublet and a ginglet.. The low~ 
est energy level of the ion V in a wrystal-field of tri- 
gonal symmetry is a singlet (S = 1), degenerated three times 
with regard to the spin, A line would have ‘to be observel 
which corresponds to the transition from the level 5 +1 
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The Paramagnetic Electron Resonance of the Ion V’ in Corundun ; 


to the level S,=-° t. In order to be able to investigate 
this line its width must not be too great, i.e. the fyme | 

of the spin-lattice relaxation must be more than 107''sea. 
In the lattics of corundum there exists a strong electric 
field of trigonal symmetry which drives the lower orbital 
levels of the ion V’* far apart. Therefore the time of spin 
lattice relaxation is probably sufficiently long & low tenm- 
peratures, In such crystal lattices, in which the axial conm- 
ponent of the electric field is weaker,the lines of para= 
magnetic electron relaxation are prebebly not easily visible. 
The authors observed aiine of the ion V tin a corundum 
monocorystal at T= 4,2 K at frequencies of from 14 900 to 
38 000 megacycles. When the temperature dropped to 2°K the 
intensity of this line decreased considerably. When the ten- 
perature rosa, the line became wider and then disappeared. 
At T= 77 °K this line was not observed. The Line consisted 
of 6 equidistant gguponents, which corresponds to the: nuclear 
spin I «= 1/2 of V~". The line was visible at parallel orien- 
tation. The half life component of a single component was 

20 Oersted at parallel orientation and the distance between 
the components amounted to 1068 Oersted. The apectrum can be 
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interpreted by means of a given spin ‘Ranittontanstie authors 
thanked 8. M. Grum-Grzhimaylo and A. A. Popova for the 
production. of the samples and Pro?.3sor A. I. Shal'nikov 
for his aid in carrying out experiments at low tem- 
peraturcs.There are 4 references, 0 of which are Soviet. 


ASSOCIATION: Moskovskiy gosudarstvennyy universitet 
(Moscow State University) 


SUBMITTED: January 16, 1958 


1. Corundum-~Resonance 
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AUTHORS: 


TITLE: 


PERIODICAL: 


ABSTRACT : 
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| -— g0v/56-34-6-50/51 
k Korniyenko, Le S., Manenkov, Ae Ac, 
Prokhorov, A. M. : ef: eA 
A Faramagnetic Amplifier and Generator onthe Basie of Chromic — 
Corundum (Paramagnitnyy usilitel! i generator no khromovon 
korunde ) ' ; 


Zhurnal eksperimental 'noy i teoreticheskoy fiziki, 1958, 
Vol. 34, Ne 6, pp. 1660-1661 (USSR) — ee 


The spectrum of cr?* in’ corungum was investigated in previous 
papers (Refs 6-9). The ion Cr’* within the corundum is placed 
in an axial electromagnetic field which splits up the spin 
quadruplet of the lower singlet orbital level into 2 dublets 
with the distance 2D = ~ 0,3824 em~! between them. For the 
construction of the paramagnetic amplifier the authors use . 
the levels which (in the case that the crystal axis is orient-_. 
ated parallelly to the external constant paramagnetic field) 
are characterized by the quantum numbers M = 3/2, + 1/2. If 
the crystal axis is turned the states are intermixed, and the 
transitions between all 3 levels are: allowed. The levels 
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A Paramagnetic Amplifier and Generator on the Bais of chrome Corundum 


ASSOCIATION : 


SUBMITTED: 


Me- 1/2, 1/2 are used for the anpliviontion and the auxil- 
dary radiations excitate the transitions between the levels 
M= 1/2, -3/2. The frequency at which the amplification 

(or the generation) is carried out is equal to ~3000 mega- 
cycles and the frequency of the auxiliary radiation was equal 
to ~15000 megacycles. At T ~ 2°K the system was excitated 
by itself and changed over to the function’ of a generator. 
The exact data concerning this amplifier will be published 
later. The authors thank A. I. Shal'nikov for his help in 
carrying out the experiments at low tenperatures. There are: 
1 figure and 10 references, 6 of which are: Soviet. 


Fizicheskiy institut im. P.N. Lebedeva Akademii nauk SSSR 
(Physics Institute imeni P.N. Lebedev, AS USSR) 


? 
April 1, 1958 - 
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gov /56-36-2-62/63 


; : aa 
The Electron Paramagnetic Resonance of Go" in Corundum 
(Elektronnyy paramagnitnyy rezonans Co ss vi korunde) ©; 
Zhurnal eksperinental 'noy i teoreticheskoy fiziki, 1959, | 
Vol 36, Nr 2, pp 647-648 (USSR) : ; 


In a corundum single crystal which cohntsins admixtures of 
cobalt, the lines of the paramagnetic electron resonance .of 
the cobalt ion were detected at T = 4.2 Kat the frequencies 
9800 and 37500 megacycles. All these lines have a hyperfine 
structure of 8 components, which corresponds to the spin. 

I = 7/2 of the nucleus co29, If the magnetia field is parallel 
to the trigonal axis of the crystal, an intense line is db- 
served,the components of which (for ‘the frequency 9800 mega- 
cycles), have very different distances. If the magnetic field 
is perpendicula to the trigonal axis, the components. of the 
hyperfine structure of these lines are equidistant for both 
of the above-mentioned frequencies. Tho observed spectrum can 
be ascribed to Co*t of effective spin S' = 1/2. The hyperfine 
structure was not investigated in detail; the g-factors — 


- -' 5710004-6 
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The Blectron Paramagnetic Resonance of Co“ in Corundum: . a 


(measured in the center of the line) have the values © 

Sy = 2-27 and g = 4.95. Besides an intense line, sone faint 
lines are observed which have the hyperfine atrugture char- 
acteristic of cobalt. In contrast to the ions Cr , Fe’*, yot 
in corundum, the ion Co‘t has a noticeably longer relaxation 
time, since at T zg4+2°K the saturation effect takes place 
at powers of ~10 W. This is a translation:of this: short 
letter. 


ASSOCIATION: Institut yadernoy fiziki Moskovokogo gosudarstvemogo universiteta 
(Institute of Nuclear Physics of Moscow State University): 


SUBMITTED: December 16, 1958 
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AUTHORS; 


TITLE: 
PERIODICAL: 


TEXT: 


3/55/61 /o00/o1s/ox0/os 
ie aaa 


Zverev, G.M.,.Korniyenko, L.S., Prokhorov, A M. 


Investigation of electron paramagnetic resonance of tron-group fons 
in corundum 


Referativnyy zhurnal, ‘Fizika, no. 11, 1961, 130, abstract. ‘weer w 
sb. "Paramagnitn. rezonans". Kazan', Kazansk, un-t, 1960, 7) | 


The electron paramagnetic resonance of Fe, Co, V, Cr and Cu fons in: 


the corundum lattice was experimentally investigated in a wide frequency (40 ,COo.. 


10,000 M¢ps) 


-and temperature (290°-1,7°K) range. The observed spectra were giver: 


a pertinent theoretical interpretation, and the values of the spin Hamiltonian 
constants were determined, Eleotron paramagnetic resonance of Cu ions in corundum 
was not detected. The valence states of ions in corundum were determined, and 
relaxation times at liquid He.temperature were evaluated, The feasibility of 


using Cr and 


Fe ions in corundum to design paramagnetic amplifiers was experimen~ 


tally demonstrated, 


[Abstracter's note; Complete translation] 
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2s 3/036/60/038/84/24/061 
7 B006/BO11 - 
AY.7700 | | : 
AUTHORS: Zverev, Ge Me, Prokhorov, As KM. | : 
————————_—_—_—— Sere neers Pe : a ee 
TITLE: Investigation of the Spectrum of Electron Paramagnetio. : 
Resonance of v3t in Corundum V ; : rae 


PERIODICAL; Zhurnal ekeperimental'noy 4 teoretichaskoy figiki, 1960, 
Vol. 38, No. 2, pp. 449-454 € 


TEXT: A previous paper (Ref. 1) had already reported on the investigations 
of the electron paramagnetic resonance spectrum in a corundum single orys- 
tal containing 0.13% V+, The present paper offers detailed information, 
and first of all, an interpretation of experimental results by the aid of 
the spin Hamiltonian, which describes the behavior of the three lowest ; 
energy levels in the magnetic field. The introduction offers several data 
concerning the free v2+ jon and the vanadium ion inserted in the orystal 
structure of A103, and a few general structural problems are discussed. 


The. splitting of the lowest energy level of the v°* ton in fields of dif- 
ferent symmetry had already been investigated to explain the magnetic | 
behavior of vanadium alum. The level degeneration is schematically ae 
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Paramagnetio Resonance of V+ in Corundum  8006/HO11 


presented in Fig. 1 and is discussed (level splitting into a singlet and 
two triplets). The spin-orbit interaction gives rise to a further split~ 
+ing of the lower spin triplet into a singlet and a doublet (Refs. 4-6). 
The degeneration of the spin triplet is, however, completely eliminated 
on the contamination of a crystal with rhombic symmetry ~ which in faot 
occurs with corundum. Since already at room temperature, and all the more 
at lower temperatures, all of the energy levels except for the lowest are 
not populated, only the lower three spin levels are of interest for: the 
electron paramagnetic resonance, Transitions among these three spin levels 
can be observed by the method of the electron paramagnetic resonance. 
Fig. 3 shows the picture of such a resonance line of the V+ ion in 
corundum at V = 37,450 Mo/sec, T = 4,2 Ke There were also 


cr?* ana Fe’t Jone in corundum, but their concentration did not exceed . 

0.001%, Measurements had already been made in a wide frequenoy range 
9,000 - 39,000 Mc/sec) at helium temperature. Such:a resonance line 
Fig. 3) consisted of eight hyperfine structural conponents each, which 


is indicative of a nuclear spin of the yo! of I =» 7/2. The Hamiltonian 
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Inveatigation of the srectaye of Blectron fot fo3e/e/afoe 
Paramagnetio Resonance of Y?+ in Corundun B006/B01 


by which the experimental results were atudivd, candid 


i Ald At ar at Ata” ATA ala ae oo 
= ps * + &, PHS, + &, BCH S. * HS, ) + AS I, + Bt tt Sy T 2 + z(S,. “5. ), 


i] t 
g » and a, are the projections of the affective electron 


a the projections of the field strength suceen: By. and ae ‘the fadtors 


of the spectroscopic splitting, ® the Bohr magneton; D the conatant | 
of primary splitting, E the constant of the rhombie field; A and Bare - 
constants of the hyperfine structure. The constants of the Hamiltonian 
were found by the authors to be 


By = 1-915 + 0.002; D = (7.0 + 0.3) om™ iF JAl = (0, 959 + 02005). 10" zon" , 


[EI< 107% eae The results are discussed. The authors finally thank 
A, A. Popowil Re P. Bashuk, and A. S. Bebchuk for their assistance, - 
7 Hee are 4 figures and 11 references: ee Soviet, 2 Dutch, 2 British, ‘and: 
merrtan 
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AUTHORS: Zverev, G. Ms, Prokhorov, A. M. = oo 
eee eo 8 oe 
\ 
TITLE: Electron Paranagnetic Resonance! and Spin Lattice Relaxation. 
of the Co- * ton in Corundun a - aA 
PERIODICAL: Zhurnal sinpociuenvalings 4 teoreticheskoy Pietks, 196, 
Vol. 39, No. 1 (7), pp. 57-63 


TEXTs The purpose of the present work was an investigation: of the 


electron paramagnetic resonance of the gore ion in corundum, its 
theoretical interpretation, and a determination of the spin lattice 
relaxation time. The energy levels of the coet ion which, as a free ion : 
in the ground state, has a 4p term corresponding to the zat configura- 
tion, are split in the corundum crystal by the Stark effect: of the 
electric field of the neighboring ions. The electric field in the 
crystal is formed by the 0“~ octahedron, and has mainly cubic symmetry 


with slight trigonal impurities. The behavior of the co*t fon in the 
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Relaxation of the Co“* Ion in Corundum B006/8070. 


orystal field, and the splitting of the lino are investigated in the - 
introduction. The experimental results are then mentioned (Which have 

partly already been published in Ref. 8). The spectrum of the electron 
paramagnetic resonance of Co“* was investigated at 4.2°K. It consists of. 

two groups of strong lines which show eight hyparfine-structure oompanents i 


(1=7/2 for co”), and some groups of weak lines characteristic of cobalt f 
hyperfine-structure. The intensities of all lines diminish with decreas- 

ing temperature; that means that the lines are due to transitions between 
levels of the lower Kramers doublet. For the constants of the spin 
Hamiltonian of the lines 9000 and 38000 Me/sec, the following values - 

were found: att 

Line I 

&, = 20292 + 0.004 & = 4-947 + 0.003 

A = 3.24 + 0.01 B= 9.72 + 0.05 

Line II 

Gy, = 2-808 + 9.003 ey" 4.85 


y) 
A= 2.08 + 0.09 B= 13.10 
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‘Electron Paramagnetic Resonance and Spin Lattice 8/056/60/039/01/08/029 L 
Relaxation of the Co*+ Ion in Corundun B006/B070 — by @3 
Fig. 1 shows lines I and II for parallel orientation, the magnetic field. 
increasing from left to right. The lines I and II belong to different 


non-equivalent ion systems. The existence of the two ion systems of Cont! 
in corundum is then discussed on the basis of the lattice system shown in 
Fig. 2. At the same time, brief mention is made of the calculation of tha 
hyperfine structure constants A and B. The spin lattice relaxation | 


time Ty, in corundum for a cobalt concentration of 107°% at. helium 


temperature was determined by the method of saturation of the resonance 
lines. At 4.2°K, v, was found to be 1 sec which is abnormally high, 


while, at 22°K it was only 3.1078 sec. Fig. 3 shows the temperature | 
dependence of ie From 1.8 to 4.2°K, v is inversely proportional to 


temperature. Some details of the experimental method, and the temperatura 
dependence of T, are discussed at length. The authors’ thank P. RN. Bashuk | 
and A. S. Sebchuk for preparation of the samples and L, S. Kornivenko 

for discussions. There are 3 figures and 16 references: 4 Soviet, 

9 American, 1 Dutch, and 2 British, 
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LY, 65320 = 
AUTHORS; Zaverev, G. M., Prokhorov, A. Me y, 
ee FORO OV fie He : 
TITLE: Electron Paramagnetic ResonanceYof Vanadium in Rutile 
PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, Y 
‘Vol. 39, Now 1(7), pp. 222-223 : Po 


TEXT: In Ti0g containing a 0.01% vanadium impurity the authors 
detected an electron paramagnetic resonance (e.p.r.) spectrum that 
consisted of two lines showing a hyperfine structure (split into eight 
components) characteristic of VD! (nuclear spin 7/2). For 5 = 1/2 and 
Ia 1/2 the @-pere spectrum of vanadium is represented by the spin — 


. A A A an: A’A ACA: 
Hamiltonian aw = &yBH,S,. + By BHySy + &zBHzSz, + AyI,Sx + AylySy + AZIzS.5 


where g ~ anisotropy factor of the spectroscopic splitting, A - constant 
of‘hyperfine structure, and 68 - Bohr magneton; 2 is in the tetragonal 
axis, and x and y run parallel with the directions (1.14] and [110]. The 
following values were determined for the Hamiltonian constants at 77°K 
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Electron Paramagretic Resonance of 8/056/60/039/001/029/029 
Vanadium in Rutile : BO06/B063: = 


and 9800 Mc/sec: gy = 1.95540.001, By = 1.91340.001, g, = 1.912 40.001; | 
Ay = 14.1540.07, Ay = 3.0940.03, and A, = 4.4120.03. Ay, Ay; and Ay are» 
given in 10-3cm-1, Other frequencies and temperatures yielded the same 


results, i.e., the constants were practically independent of temperature: 
and frequency. At room temperature vanadium showed no e.p.r. in rutile. 
The lines became narrower with dropping temperature, and at 90°K their 
width was 3.5 oe, after which it remained constant. This width is 
supposed to be due to spin-spin interaction of paramagnetic vanadiun . 
ions. The spin-lattice relaxation of vanadium ions in ‘rutile was 
measured by the method of continuous saturation. At 402°K it was 
2.10°lsec, and at 909K, 6.10-6sec, In the case of saturation, a line 
broadening was found at 90°K, which confirmed the above-mentioned 
assumption on the nature of the line width. All experiments indicate 
that vanadium igs incorporated in the rutile lattice in the form of V4t+ 
ions. R. P, Bashuk and A. 8. Bebchuk are thanked for having supplied 
the specimens used. There are 3 non-Soviet references. ; 
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‘AUTHORS; - Zverev, G. Me, Prokhorov, A. Me ee ; | S429 
priser: TET Sri Me ee a i. 
TITLE: The Cross Spin Relaxation in the Hyposfine Structurd of the 


Electron Paramagnetic mosonenoay to in Corundum | Ie: 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheakoy fiziki, 1960, 
Vol. 39, No. 3 (9), pp. 545 - 547 = in ora 


TEXT: The authors discuss the effect of cross relaxation (Refs. 1-4): 
occurring in spin systems with little differing resonance frequencies, 
They studied the cross-spin-relaxation of transitions corresponding to 
different projections of the nuclear'spin. The cor:ndum sample used 


contained 10-2 % of Co, -the time T,.0f the spin-lattice relaxation yas 


1.2 sec at 4.2°K. The trigonal axis of the erystal was parallel to H 
(outer magnetic field), the width of the individual components of the: 
hyperfine structure was 7.5 oersteds, the distance between the He sites do 
components was 30 oersteds. The sample was placed into a resonator which 
was modulated to two close frequencies ¥; and Yo ~9200 Mc/sec. The 
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The Cross Spin Relaxation in the Hyperfine 5/036(s0/os9/003/003/045 
Structure of the Electron Paramagnetio 2004/BO 
Resonance of Coe si Corundum 


lines of the electron eapiwagretio resonance were. i yaaevad: at the | 
frequency v, by means of a superheterodyne radiogpectroscope. The 
frequency Vo supplied the saturation pulse. The restoration of the line 
intensity after switching off the saturation pulse was recorded by means 
of a cinematographic camera..A figureillustrates the relation 

log(J, - J) = £(t). J is the absorption intensity, proportional to the 
filling n of the spin levels, Jy is the absorption intensity in thermal 
equilibrium. The curves are given for two cases: : 1) All of the eight | 
components of the hyperfine structure were saturated to one level, The 
relaxation is then expressed by ng - n= A exp(- t/T;) C15 2)° Only an: 
outer component was saturated by a short pulse. The relaxation is in this 
case faster due to spin-spin interaction. The calculation was made here 
on the following asaumption: a) the aroga relaxation between eaah:. 
neighboring component pair oan be oxpreuned by the sama parameter Tyas 
the cross relaxation time ; b) only the sae ps interaction of 
neighboring components is taken into account. The authors obtained 
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The Cross Spin Relaxation in the Hyperfine 3/056 eases 03/45, 
Structure of the Electron Paramagnetic oe 
Resonance of Co2+ in Corundum 


equation n, - n= 2 are22(- nA, tsa = 1/2, + toMy c, are 


< 


conditions. The experimental data corresponded to a T12.0f 0.27 sec. 
While T; depends on temperature, 1Tj9 was constant between 1.8 and 42 °K. 
There are 1 figure and 4 references: 1 Soviet and 3 us, : 


saatadtes the goerPicients As are dependent. on the akoemcntal UX. 


ASSOCIATION: Institut yadernoy fiziki Moskovskogo caoudasaiveuions 
universiteta (Institute of Nuclear Physics of Moscow 
State University 


SUBMITTED: April 9, 1960 
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1. Nauchno-issledovatel'skiy institut yadernoy fizikd, Hoskovskogo 
gosudarstvennogo universiteta. 
(Spectroscope ) 
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Bi11/BZ01 
Zverev, G. M. 
TITLE: Nature of spin-lattice interaction in chromium corundum. , I 


PERIODICAL: Zhurnal eksperimental! noy i teoreticheskoy fiziki, vs 40, 
no. 6, 1961, 1667 ~ 1671 eA Vi 


TEXT: ‘The spin-lattice interaction plays an important part in paramagne- 
tic amplifiers. Various mechanisms have been offered in’previous papers 
to explain the interaction, but none has proved fully satisfactory.’ The 
author assumes, that several mechanisms participate in spin-lattice re- 
laxation. All of his experiments have been conductad with 9400 Mo/seo | 
by the method of continuous saturation, The spin-lattice relaxation — 
time has been determined in corundum specimens of a uniform concentration, 
put with different contents of defects. ‘The latter were produced by 
fast neutrons or gamma irradiation in a reactor, their concentration was 


of the order of 10/9 en? In irradiated specimens with a Cr content of 
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pin-lattice interaction.+- . 


time T, for 1/2. 1/2 transitions 
times legs than that of non- © 


Nature of s 


2.107", the spin-lattice relaxation 
with parallel spin orientation was three 

irradiated specimens having the same chromium concentrations At a con- 
centration of a-10-4, 1, of a test specimen was less. T # 4. 20K in poth 


experiments» At a temperature of 77°K the relaxation times were found: to 
coincides The author states that phonon effects are of some {mportance 
in case of small chromium content only: A gpecial apparatus was used to 
determine the temperature dependence of the relaxation time (G. Me: Zverev, 
pte (in print))- The attached figure shows results for aifferent Cr 
contents. The curves hold for transitions 1 2+ at {2 with an angle af 


g = 5°. Curve l refers to 


tion of c # 2-10 '§ 


a chromium-ion concentra 


4 and curve 3 for © 212 asi" « Curve 1 

-Van Vieck mechanisay Up to 50°K absorption 
dividual phonons prevails while the phonons 
peratures. Curve 3 snows best how a new 
tions of paramagnetic fons. 


curve 2 holds for ¢ = B+10" 
corresponds to the Kroniger 
processes and emission of in 
show a Raman effect at higher tem 
mechanism plays & role at higher concentra 
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“It corresponds to an exchange interaction between the ohronium ion pairs. . 

. To explain the plateau in curve 3 it is necessary to nssume a heat ex- | 
‘change reservoir between spin syatem and lattices Ae Ay Manenkoviis 6 2 

“mentioned. Professor A. M. Prokhorov is thanked for valuable advice, 7; / 

oN. I. Naumkin, N. G. Petblina and V. P. Kiryukhin for their assistange | 

“dn the experiments. There are 1 figure and 18 references: 3 Soviet+bloa 

_ end 15 non-Soviet-bloc. The two most important refer@noes to English- — 

‘ language publications read as follows: R., Kronig, Physica, &y 33, 1939; poe 
J. H. Van Vleck, Phys. Rev., 57, 426, 19403 A. i. Skwalow et, ele, Phys.) 

os Rev. Lett., 3, 271, 1959. - Chee eae 


woo. ASSOCIATION! Institut yadernoy.fiziki Moskovskogo gosudarstvennogo uni- 
— versiteta (Institute of Nuclear Physics of Moscow State 9 4% 
University) - - 


“SUBMITTED: January 30, 1964 acs eee mre 
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(Optical masers (lasers)Opticheskie kvantovye generators 
(lazery). Moskva, Izd~vo inostr. lit-ry 1962. 114 p 


Translated from the English. (an 15 #11) 


(Masers) 
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" Tevestigation of ESRof Co“ in Ti0, " 
Report presented at the First International Golifershes: ‘on 


Paramagnetic Resonance, Jerusalem, Israel, 16-20 July 1962, 
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AUTHORS: Sisees Cer L. S., Prokhorov, A. Mo, and 
Mirnov , I. 


TITLEs Electron paramagnetic resonance and spinciattsos pelaxatien 
of the gr’? ion in’a car, ingle erystal | 


PERIODICAL: Fizika tenvdons tele; Ve ne NO» 25 1962, 392- -395 


TEXT: Er°* was introduced as an isomorphic impurity into CdF,, in which 
the fluor ions form a cubic lattice, the Cd j4onsa being in the centers of 
cubes formed by the anions. The grt jons replace Cd'ions. The e. pe Te 
measurements were made at 4.2 x, with several different frequencies ‘and 


for an grt concentration of 0.1%. The following spectrum parameters: 
were determined: , : 
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UV, Mc/sec g Ay aa 


9500 60758+0.010 /-73.0+1.0 
25800 6.745+0.005 - 
72000 . 6. 735+0.005 13.9+1.0 
The frequency dependence of the g-factor is due to the contributions ‘of 


the wave functions of the excited states. The field-induced change of 
the g-factor can be determined by using perturbation theorys 


&= & [ LEE C | 3 3 2>| 2) : : x 


&, is the g-factor at HO, /\ - Landé factor, big the mean distance to the 
gis 3. 4 


nearest upper level of the state group (2): { 9» to? =" 


+ 2! + 
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a4) and |2) denote the ground and excited states. 


A = (2.3140.03)-107°on™ Spin-lattice relaxation was studied by the 
continuous saturation method and by the pulse method with 3.2 cm waves. 


The temperature dependence of relaxation time ™] was determined by several 


methods, e. g. between 16 and 18°K from epr line broadening. Though 

S. A. Al'tshuler has developed a theory of: spin-lattice relaxation of 
rare-earth ions, (ZhETF, 24, 691, 1953), the experimental results fer Ere? 
ions in a cubic lattice can only be explained qualitatively. At 


T(402°K, oe ae at higher temperatures the course of 7, (2) cannot: be 


described by an exponential law of the Tr" type. This is due to 


anomalies caused by cther bi- and trivalent ions. L. M. Belyayev, 

Kh. S. Bagdasarov and V. Ya. Khaimov-HMal'kov and PF. P, Pashinin are thanked 
for help. There are 1 figure, 1 table, and 15 references: 5 Soviet and 
8 non-Soviet. The four most recent references to English-language x 
publications read as follows; M. Dvir, W. Low. Proc, Phys. Sode, 75) 136, 

1960; W. Low. Paramagnetic Resonance in Solids. p. 130, New York - Londen. 
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1950; C. B. P. Finn et al. Proc. Phys. Soc. B77. 261, 1961; I, M ee 
et al. Proc. Phys. Soc. B73, 942, 1959. . nen > Je MM. Raker 


ASSOCIAVION: Moskovskiy gosudarstvennyy universitet im. Mi. V. i 

Lomonosova (iloscow State University imeni M. ¥. Lomoncsor) 
SUBMITTED ; August 14, 1961 : 
3+ 


., 


Fig. Time dependence of for Er 4 : 
1 : : : x 
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ZVEREV, GM; PROKHOROV, AM; EY CHEERO ALK. 


Mechanism underlying the effect of a vanadium sdaisrture 
on the spin-lattice relaxation of chromium in corundum. ie 
Fig. tver. tela 4 no.11:3136-3143 N '@, > (MTRA 15:22). 


1. Moskovskiy eon mera bre nHyy. universitet Amend. 

M.V. Lomonosova. 

(Paramagnetic resonance and relaxation) _ 
(Nuclear seme : 
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Electron paramagnetic resonance of rutile containing cobalt,  —_.. 
Thur, eksp. i teor, fiz, 43 no.22422-425 Ag '62, (MIRA 16:6) 


1. Institut yadernoy fiziki Moskovskogo gosudaratvennogo universiteta, 
(Paramagnetic resonance and relaxation) (Rutile) (Cobalt)  — 
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AUTHORS s Zverev, G. M., Petelina, N. G. 
De ciamentenmneannannememnemmmnemenntitted : 


TITLE: Electron paramagnetic resonance of cont ions in corundum 


PERIODICAL: Zhurnal eksperimental'noy i eaaeerebndercny fisiki, Ve 42, 
no. 5, 1962, 1186 - 1190 


. 


TEXT: Various versions of the theory of electron paramagnetic resonance 
of coe* are checked. Cobalt ions in the A1,05 lattioe form two nonequi-« 


valent systems with a.common axis of trigonal symmetry, but with differant 
constants of the spin Hamiltonian. The following values were obtained 
from measurements of the By factors: ; 


Y, 10? .cps gon 37 


ion system I ‘ ’ 4.936 © 0.003 
ion system II 4. 850 + 0.005 


gists 
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(2hETP, 39, 57, 1960). The high values of g, for I iid It at '9*109 oyoles 


are probably due to the apcunatande that at this frequency the hyperfine 
structure is comparable to the mean magnetic field strength. The - 
experiments do not confirm the expected diminution of &, with increasing 


frequency. The temperature dependence T, (T) of spin-lattice relaxation 


time was measured by the method of Reenter saturation using a 3. 2-cm. 
microwave spectroscope. The following . st pole is fairly satisfied for: 
the system I at 9- 30°K: = 1.610 I/kT sec, while 

10712 gb r/eP is satisfied for the system II at 14 - 26°K, Below 

is inversely proportional to T in both systems. é, = 110 15 
1 phe experimental form of t,(T) is explained by 


TT, 9 10 


4.2K, 7, 
nae 844 = 185 + 20 cm 
the relaxation process through an excited state, as suggested by R. Orbach © 
(see reference) for magnesium-cerium nitrate. This excited state is .. 


respectively 110 on™’ and 185 en”! above the ground state for the ion 
groups I and II. The process mentioned above determines relaxation as, | 
far as 30°K. The g-factors and the spin-lattice relaxation time of Co 
Card 2/3 
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ions in an 41,0, lattice can be explained under the usual adinptlone on | 


the character of the crystal field (A. Abragam, M. He. L. Pryce. Proc. Roy. 
Soa., A206, 173, 1951). The values of & determined from the relaxation. 
axperinents are suitdd for stricter calculations taking acoount of the | 
covalent bond. "Two-stage" relaxation must play an: important part also in 
the other ions of the iron group. There are 2 figures and 1 table. The 
most important English-language reference is: C. 3B. P. Finn, R. Orbach, 
W. P. Wolf. Proc. Phys. Soo., 77, 261, 1961. © : oi : 
ASSOCIATION: Institut yadernoy fiziki Moskovakogo goaudarstvennogo | Kee 
universiteta (Institute of Hughes Physics of Moscow State, 
University) 


SUBMITTED: December 23, 1961 : = 
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AUTHORS : ccZverev, G. M., Karlov, N. V., Korniyenko, Lev S45 pas 
Manenkov, A. A+, Prokhorov, A. M. : my 


TITLE: Application of paramagnetic crystals in quantum electronica | 
“PERIODICAL: ‘Uspekhi fizicheskikh nauk; v.77, no. 1, 1962) 6% - 108 | 


PEXT: Western and Soviet studies during the period 1952 ~ 1962 concerning 

the progress in the application of paramagnetic crystals for building, 
quantum devices are reviewed. In these devices, which are used in the — 
fields of radio and optics, negative temperatures are: produced by : 
auxiliary radiation. The following problems are discussed: energy levels, -—~ 
of paramagnetic ions in crystals; relaxation phenomena in paramagnetic 
crystals; (paramagnetic) quantum amplifiers of the radio range (para~ 
magnetic resonance amplifier Pily (RPU), paramagnetic ‘progressive wave i 
amplifier TIYEb (PUBV)); quantum generators and amplifiers of the optical. 
range (optical quantum generators with ruby and fluorite, quantum anpli-. 
fiers, quantum counters). Finally, the great progress achieved in quantum 
electronics during the short time-of its existence is pointed out: _— 


. 
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establishment of highly accurate’ frequency standards for various purposes ;' 
development of low-noise paramagnetic amplifiers of ‘the radio range and’ of. 
optical generators having a high degree of coherence and high spectral . 
radiation density. The quick progress of quantum elestronics and its pro-: 
aising prospects,are the consequence of -its development on the basis of 
already existing technology. Progress was first achieved in the radio - 
range, and later in the optical range. At present work is in progress in 
developing the entire range, including the submillimeter- and distant { 
infrared range. There are, 27 figures and 134 references: | 45 Soviet-bloc 
and 99 “‘non-Soviet-bloc, The four most important English-language refer-- 
ences are; J. R. Singer and S. Wang, Second International Conference on 
Quantum Electronics, Berkeley, 1961; Ww. G. Wagner and G. Birnbaun, Second 
International Conference on Quantum Electronics, Berkeley, 1961; : 
Re Vi. Hellwarth, Phys. Rev. Lett., ve 619 (1961); A. Le Schawiow, 

G. Es: Devlin, Phys. Rev. Lett., v. 6, 96 (1961). 4 
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GENERATION OF MILLIMETER WAVES IN OPTICA LLY PUMPED RUBY 
(USSR) 


Zyverev, G, M., A. M. Prokhorov, and A, K, Shevchenko. Zhurnal eksperi- 
mental'noy i teoreticneskoy fiziki, v. 44, no. 4, Apr 1964, 1419-1418, 
3/056 /63/044/004/042/o044 


Experiments have been conducted using a ruby laser at TT°K to pump 2 three- 
level ruby millimeter-wave (35-50 -109 cps) generator operating at the same 


temperature. Emission from the nitrogen-cooled ruby lager passed through 
a syStem of mirrors and a lens Onto the end of a mtrogen-cooled ruby which 
Sé0velr as a m..lometer-saac resonator and whose c-axis was perpendicular to 
ine externa. magnetic field. Emission from the generator ruby was detected 
by a reflector-type Superheteraodyne radio spectroscope which alao contralled 


i 


§/056/63/0h4/ook ote /foue 


' the required magnetic field. The detected output, along with the photomulti- 
’ piler-monitored laser pu.se signal, wags displayed on the screen ofa pulge 
The generated millimeter-band power output was ~ 1073 w. 


4585100 had the mu.tipie-spike for in rf-pumped paramag-~ 
x in power ideally obtain- 


ornium ion concentration) ig 1.7 mw ina 
suration of ~ 150 Bsec, {BB} 


we -. ~ . = a. sseenneeleereeem arene: tevme rn = a rw ewbawetnn 9 
Ts a oe > ; 
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AUTHOR: Zverev, G. M. Se 


\ 


TITLE; Temperature dependence of spin-lattice relaxation'of tetravalent 
vanadium anion in rutile J : 


v\ 
SOURCE: Zhurnal eksper. i. teor. fizild, v. 44, no. 6, 1963, 1859-1863 


TOPIC TAGS: spin-lattice relaxation, epr, tetravalent vanedivrn anion, rutile 


ABSTRACT: The temperature dependence of the Spin-lattice relaxation r of the 
V** jon in rutile was experimentally investigated in the temperature range be- 


tween 4.2 and 110K. The cor centration of the paramagneiic ions was = 9.91%, , 


All measurements were conducted with the tetragonal ¢ asis of rutile parallel 


to the external magnetic field. It was found that between 4.2 and 10K, r ig in- 
versely proporticnal to temperature (T). Between 10 and 30 K, varies approxd- 
mately as T7 °*3 Some deviation from this proportionality was observed in the 
range of O-79K, At temperatures between 70 and HOCK, ~ = 61.9%? expl AKT), 
Card 1/2 
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where \ ig the excited state of the V*~* ion 650-cm  abova the ground state, 
which is responsibi e for Spin-i attiee relaxation in this ¢emoeratcurea rang¢, The 


jentaicmmetivod 


=2€ fiegt tical-with® seelipes ERE : 
spin-lattice relaxation of tetravalent vanadium anion in rutile is caused hy optical 
phonons or is due to a higher-order process in which four acoustic phonons par- 
ticipate in the relaxation. "The author thanks S. A. Al'tshuller for a valuable 
discussion and Y. V. Makarenxo for his he!p in making reagurements.”’ Orig. 
art, has: 4 figures and i formula. 


ASSOCIATION: Institut yadernoy fizild Moskovskogo gosudarstvennogo universi- 
teta (insti Nuclear Fhygics of Moscow State University) 
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“ACCESSIGY HRs | we0n%a3 | ; . o. : eae #/0181,/64/006/001/0096/0100 a 
AVITLE: spin lattice relaxation of ‘the er3t fon, in single oryatels of CoP », Ba? 5, ; oe 
and CaFo — : : + e 
‘SOURCE: Fistka tverdogo tele, ve 6, no. l, 1964, 96-100 


TOPIC TAGS:. spin lsttice relaxation, eaded um fluoride, beriun fluoride, caleium : a 
fluoride, paramagnetic resonance, relaxation tine temperature dependance, elastic | ’ 
scattering, two phonon process, direct relexation process, excited state 


| ABSTRACTs The authors exsmined both paramagnetic resonance spectre and rolexn~ 

:. thon preceases for the Er?” ion in single crystols of CdF 5, Bis, and CaFy. Spine . 

lattipe relaxation times were measured for 3-cm and S-am waves at tenperstures og eS 
renging from 1.6 to 25Ks, The results are summarized in Figs. 1-3 of the Enclosures. 

_At tamperatures above that of liquid helium, relaxation is determined by the two- 

phonon process of relaxation t h the excited state. Thi time depends expo- - bags . 
nentislly on teuperaturet ¢. ~~ exp 6). ‘M tempersturea of 1.6-4.2K, direct = a 


ly on t , Pa | 7 
“pelaxation processes are complicated by heating of the phonon spectrum, She |. | 
Card. Y Me ak ae Rage ET i iy put ei ke :f - 8 ger" ai eee hh a - ae sere 


- "APPROVED FOR RELEASE: Thursday, September 26, 2002 © CIA-RDP86-00513R002065710904-6- Kf 
. APPROVED FOR RELEASE: Thuysday, September 26, 2002. CIA-RDP86-00513R902065710004-6"_ } 


‘nocessran RR: one : He eee 


ee 4 depandence of. relaxation time ¢ ‘on tempersturs, is act then apisted: ‘tee ordinary 
- > direct processes, As mechanisms of phonon relaxation the authors! suggest cross 
:. .Yelaxation and the Anelastic gaia! of — y pene: oe ae hast ‘s ie 2 
figures. , ae 
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TITLE: Investigation of spin-lattice relaxation ‘Of a pdsitive trivalent’ ephiun' ton ‘tn 
cadmitm fluoride and calcium fluoride single crystal in tha 3-70 Geo frequiticy tanga: 
sce : s zs ij 


v a 
SOURCE: Fizika tverdoga tela, v, fl, tlo. 5, 1866, 1379-230), 


TOPIC TAGS: 
mium compound 


6f on a wavelength of 3.2 cm (a 
1 being very nearly proportional to v. 
may be approximated by a function of the form 


ie 
Bintan tha 


a ba —— : 5 
"ACE NA: APGOLSUSS = 


| where w is in sec"! and v 4s in Ge. 
cfowith oo frequency: * reaching = nae na a 
sharp’. --reduction..-°» It -1s.° ast oo (that 


Rance phonons has a considerable effect ou rélatation:of érdiun. ols so. that 


B lkea- 


| | thon of the line from even isotapes of the trivalent erbitm jon ts impeded by the lack]. 


of resonance phonons. As a result, the tranefar of Qpin dhargy to the lattice fa at- 
fected to a great extent by cross relaxation to tha ‘wings’ of the line which are 
formed by trivalent erbium fons located tn axial crystal fields of varying strength 
and symmetry. The obstruction to relaxation is relieved by this ctoss relaxation 
which introduces phonons fn a wide mange of frequencies. The effect fs amplified when 
the ‘wings’ overlap the spectrum of impurities which have a short relaxation time. 
This type of mechanism gives a qualitative description of the experimentally observed 
relationship between relaxation time and magnetic field intensity fin weak fields but 
becomes less significant as the magnetic field intensity fnmreasas. The experimental 
results depend coneiderably on the purity of the specimens studied and the concentra- 
tion of erbium fons in various environments. The authors are grateful to P. P. Pashi-~ 
nin for giving them the opportunity to carry out the experiinint on the 9.4 om wave- 
length and for valuable consultation. Orig. art. has: 1 figure, \ (14] 
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TITLE: Destruction of ruby and leucosapphire:crystals by ii gh-intensity laser beams sie 
SOURCE: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 51, no. 3, 1966, : 

TTTH-TT9 us : i EOS oe en 


| TOPIC TAGS: nonlinear optics, stimulated Brillouin scattering, multiphoton jioniza- 
tion, ruby, leucosapphire, crystal damage, laser induced damage ,: laser effect 4 LASER 
SEAM ,CLYSTH EL. PROPERTY SAPPHIRE CRY STH DEFECT e 8 
ABSTRACT: An experimental investigation was made of the damage induced in ruby and 
leucosapphire .crystals by the focused beam from a 1-j 30-Mw Q-switched laser. The 
damage in leucosapphire crystals at the focus-of an f£:5 emslens was in the form of a. 
spherical channel 1 mm in diameter. In the case of an f:15 cm lens, the lagging 
crystal surface sustained small, crater~like damage. Certain ruby crystals (group 1) 
| sustained damage identical to that in -leucosapphire crystals, while in other. ruby 
'erystals (group II) the damage was in the form of “tracks” ‘consisting of a series of. |— 
| small cracks perpendicular to the incident radiation. ‘The tracks were several cia | 
1 long and 2—3 mm in diameter and were observed for both the fi5 and f:15 lenses. The |! 
damage threshold for leucosapphire and Group:I ruby crystals! tas approximately L 
1019 w/cm?, while that in Group II ruby crystals was about 108 w/em*. Damage in all j{ 
ae i 
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_ Gverev, G. M.; Sevast'yanov, B. K. ; Kharitonova, L._M. 
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AUTHOR: Bashuk, BR. P.; Gritsenko, M._M i Grum-Grzhimaylo, 8. V.; ie 
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ORG: none- 
. TITLE: Comparison of different methods for determining chromium concentration 
* in ruby , 


SOURCE: Zhurnal prikladnoy spektroskopit, v. 5, no. 2, 1986, 172-177 
- TOPIC TAGS: chromium, ruby, optical absorption, magnetic measurement 


ABSTRACT: Chemical, magnetic, optical, and radiospectroscopic methods are 
'. described for determining the chromium concentration in ruby. The limitations 
and possibilities of these methods are compared. The factor. for converting the 
optical absorption value into concentration is determined frorn magnetic measure | 
ments; it si equal to 0.29. Orig. art. has: 4 figures, 5 formulas, and 1 table. i 
‘| [Based on authors! abstract] {NT} 
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ono: none i Hs 
TITLE: Paramagnetic resonance of Cet and na?* in SrMo0,4 single crystals 
SOURCE: Fizika tverdogo tela, v. 3, no. 12, 1966, 3686-3688 i 8 


TOPIC TAGS: strontium compound, molybdate, epr spectrum, activated crystal, cerium, 
|neodymium 26 — DG 
lassrract: To check against results obtained with other scheelites, the authors studied 
ithe EPR-spectra of Ce°’ and Na+ in single crystals of strontium molybdate grown by 
the Czochralski methed and containing approximetely 0.5% of Ce or Ild. The EPR: spectra 
were measured at 4.2K and 14.3 GHz.. In the case of cerium, a single intense line was. 
observed, due to the Ce** jon in a field of tetragonal symmetry. In the case of 
neodymium, the spectrum consisted of an intense line due to the even isotopes of na**, 
on which a hyperfine structure due to the odd isotopes Nd2*% and Nd2*5 4s superimposed. 
The g-factors half widths and the hyperfine structure constants were obtained for all |: 
jlines and agreed with an empirical relation obtained by others. A wave function agrees 
ing with the obtained data is also found for the lower state of Na in a field of * 
tetragonal symmetry. Orig. art. has: 2 figures and 7 formlas. {oz} Cwars) 
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TITLE: Paramagnetic resonance of Naj+ ions in single~crystol oxides of yttriun and 
scandium ; 


SOURCE: Fizika tverdogo tela, ve 8, no. 10, 1966, 3086-3088 


GOPIC TAGS; -yttriun, acendiun, oxide, neodymtun, paramagnetic regonanad, oryatal 
symnetry, forbidden transition, optic spectrum, microwave spectroscopy: 


ABSTRACT: This is a continuation of an earlier study of the optical spectra of Nast 
ions in ¥,0, and Se,0 (Opt. i spektro., in press) where the results were interpreted 
under the aS sumption at only one type of rhombic-symmetry center exists. :In view 
of the fact that other results suggest the existence of two types of symmetry centers 
(Cc, and S ), the authors have carried out a radiospectroscopic study ofthe same 
crystals, Paramagnetic resonance of na3+ in ¥,0 and Se,0. was observed at’ 4.2K and 
14.3 Giz. ‘Tne samples were oriented in such a way that En ‘constant field remained 
in the (110) plane during the crystal rotation, and the alternating field was perpen~ 
dicular to the constant field. An analysts of the angular dependence of the ie 
paramagnetic resonance spectrum established the existence of centers in: crystalline 
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--| fields of rnombic and trigonal symmetry, with predominant directions parallel to [110] 
end (111) respectively.. The components of the g-factors in the Na3+ spectra are cale. 
culated for both oxides and both symmetry centers, The concentrations of the two 
centers differ by only a factor of 2, Since the earlier investigation of the optical 
spectrum disclosed the existence of only rhombic-symmetry centers, this confirms the 
assumption that forbidden transitions have a high probability in the case of centers 
that have no inversion symmetry, Orig. art. has: 1 figure, 3 formulas, and 1 table. 
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9. MMB Report U-1506, 4 Oct 1951. 
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{Gas dynamics] Cazovaia dinamike, Moskva, Vyeshaia shkola, 
1965. 722 p. (MIRA 18:10) 
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{Studying reflexes in animals; a. teacher's experience] Izuchenic 
reflektornot delatel'nosti shivotnykh; 1 opyta raboty uchitelia. 


" holian iia 
Leningrad, Gos, uchebno~podagog. isd-vo Ministeretva prosves : 
RSFSR, leningradakoe otd-nia, 1956. 116 p. | 3 (MIBA 9:12) : 
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Rediogenic crigin of argon in natural]. and petroleum gases 


iad 
PERIODICAL: Referativnyy zhurnal, Khimiya, no. 5, 1963, 16l, abstract 48126 
(Geol. neftli gaza, 1962, now 9, 48 ~ 50) 


TEXT: The isotopic composition of argon is datermined in natural gases fron 
4 deposits and in 8 by-product gases of petroleum and gas deposits. Only im one 
natural gas was radiogenic argon datected (14.1%), while in all the by=product 
gases it was detected in quantities ranging from 1 to 48.3% An increase in the 
amount of radiogenic argon with increasa in depth wag onserved. 5. Sobotobich. 


[Rostractor's note: Complete translation/ 
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red, ; PRIDANTSEVA, A.M., red. \ 


Ve ae 
[Human anatomy, physiology and hygiene; a textbook for 8th 
grade students of evening (staggered) ganeral: secondary 
schools] Anatomiia, fiziologiia i gigiena cheloveka; poso- 
bie dlia uchashchikhsia VIII klassa vechérnei (smennoi) 
srednei obshcheobrazovatel'noi shkoly. Izd.3. Noskve, Prom — 
svesnhchenie, 1964. 167 p. (MIRA 17:7). 
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Category: USSR/General Division. Problems of Teaching. — A-T | 


Abs Jour: Referat Zh.=Biol., No 9, 10 May, 1957» 35008 


Author : ev, 1I-D- 

Inst : eet given : 

Title : Elements of Chemical Knowledge in the Course of, Human Anatomy 
and Physiology (The Question of Intersubject Relations) 


Orig Pub: Yestestvozn. V shkole, 1956, No 5, 59-62 


Abstract: In covering the courses of human anatomy and physiology and 

chemistry in the VIIIth class, the teacher mat utilize the 

intersubject relations between these disciplines and particu-. 
larly lean upon the students' knowledge of cheinistry- In ex 
plaining new material on the themes "digestion, breathing, 
metabolism" and others, the teacher should conduct related 


experiments in chemistry. 
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(Use of anatomical snd physio 
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[Development of students’ knowledge about the ‘evolution of 
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